Abstract Nerium indicum is a medicinal plant which is used in the treatment of wide range of illness in different ethnopharmacological practices. We have studied the immunomodulatory activity of the 70 % hydro-methanolic extract of N. indicum leaves (NILE) by studying plaque forming cell assay, haemagglutination titre, cell proliferation assay, inhibition of nitric oxide expression and cyclooxygenase activity, estimation of IL-2, IFN-c, IL-4, IL-10, TNF-a and IgM levels. Furthermore, we have characterized NILE with Fourier Transform Infra-red (FTIR) spectroscopy. The results displayed that NILE possessed potent immunomodulatory activity by up-regulating IL-2, IFN-c, IL-10 expression and down-regulating IL-4, TNF-a expression in vitro. NILE also stimulated the in vivo expression of immunoglobulin level in mouse. FTIR analysis revealed phytocompounds of diverse chemical nature present in NILE. Thus, the potent immunomodulatory activity of N. indicum may have serious implications in the treatment of inflammatory diseases in the future.
Introduction
Herbal immunomodulators have emerged as a mode of alternative and complementary medicine. It is fascinating to note that herbs and polyherbal formulations, once used only by the ethnic people, are gaining popularity in modern medicinal and pharmaceutical science. Today, standardization and proper mechanism based screening of various plants mentioned in the traditional medicinal systems have led to the present state where 25 % of the current drugs are solely derived from plants (Kunle et al. 2012) .
Nerium indicum Mill. (syn. N. oleander L. and N. odorum Aiton) is one such plant used in Indian (Ghosh 2008; Dastur 1962) and Chinese (Ding et al. 2013; Ji 1999) traditional medicinal system for ages. In ethnomedicine, it is used for the treatment of cardiac illnesses, asthma, corns, cancer, and epilepsy (Duke 1985) . In Tunisia, leaves of N. indicum are used as anti-gangrenous agent (Leporatti and Ghedira 2009) and the tribes of Mirzapur district of Uttar Pradesh, India, use the leaves and fruits of N. indicum against leprosy and swellings (Tiwari and Singh 2012) . Detailed phytochemical analysis of different parts of the plant have been performed previously (Dey et al. 2012a ).
Then the mixture was centrifuged at 5,000 rpm for 15 min. The pellet was mixed with 70 % methanol (1,000 ml) and kept overnight at the shaking incubator and centrifuged. The supernatant liquid was collected from both phases and filtered. The resultant filtrate was concentrated in a rotary evaporator under reduced pressure. The concentrated extract was lyophilized and stored at -20°C until further use. The extract was previously characterized to contain high phenolic and flavonoid content and demonstrated to possess potent free radical scavenging capacity (Dey et al. 2012b ).
Maintenance of animals
Swiss albino mice [30 ± 2 g of body weight (BW)] of 6-8 weeks were used for all the studies. Blood for immunization was collected from sheep by puncturing the jugular vein with a sterile syringe. The blood was diluted with equal volume of Alsever's solution (114 mM dextrose, 27 mM sodium citrate, 71 mM NaCl, pH 6.1) and stored at 4°C as sheep RBC solution (sRBC) until further use. Blood was collected from a guinea pig by puncturing the heart using a sterile needle and allowed to clot at 4°C for 60 min to separate the serum. The blood was then centrifuged at 1,000 rpm for 5 min and the clear supernatant serum was collected. This pooled serum was used as guinea pig complement and stored at 0°C to minimize the complement activity. All animals were maintained under standard laboratory conditions in the animal house of the Department of Zoology, University of North Bengal with food and water ad libitum under a constant 12-h photoperiod (temperature 25 ± 2°C). All experiments were approved by the ethical committee of the Department of Zoology, University of North Bengal (No. 840/ac/04/CPCSEA; date: 15/09/10) and performed in accordance with the legislation for the protection of animals used for scientific purposes.
Plaque forming cell (PFC) assay A previously described method (Raisuddin et al. 1991) was followed with slight modifications to perform the PFC assay. Briefly, 24 Swiss albino mice were divided into 4 groups (n = 6). Group I (control) received normal saline; group II, NILE extract at 50 mg/kg BW; group III, NILE extract at 100 mg/kg BW and group IV, NILE extract at 200 mg/kg BW for 10 days.
On day 7, mice were immunized with 0.1 ml of 25 % sRBC intravenously through tail vein. On day 4 after immunization with sRBC i.e. 24 h after the last dose of NILE, whole blood was collected from the tail vein initially. Mice were sacrificed under proper anaesthesia and blood was collected from the heart and stored for further use. Single cell suspension (2 9 10 6 cells/ml) of the spleen was prepared in phosphate buffer saline (PBS). Guinea pig complement (50 ll) and 50 ll of 25 % sRBC (prepared in PBS) were mixed with 100 ll of the cell suspension. The mixture was then charged into Cuningham chambers, prepared using glass slide and double gum tape. The chambers were then sealed with sealing material prepared by mixing paraffin and petroleum jelly at 1:1 ratio and incubated at 37°C for 3-4 h. After incubation, the plaques were counted under a binocular and expressed as PFC/10 6 spleen cells.
Estimation of total IgM
Blood samples from immunised mice of the PFC assay were kept at room temperature for 60 min for separation of serum. The whole blood was then centrifuged at 1,000 rpm for 5 min and the straw coloured supernatant serum was collected in fresh vials. The serum was diluted 10,000 fold and then used to estimate the total IgM level using a commercially available kit (MyBiosource) according to the manufacture's instruction. The final quantity was multiplied by the dilution factor. Hemagglutination (HA) titre assay HA titre assay was performed according to a standard method (Karthikumar et al. 2011 ) with slight modifications. Briefly, Swiss albino mice were fed with different doses of NILE for 10 days and immunized with sRBC as was done in the PFC assay. On day 4 of the immunization, serum was collected from the immunized mice and kept at 56°C for 45 min in a water bath to inactivate the complement activity. Eight clear Khan tubes were taken and double fold diluted serum was added. In the first tube, 0.1 ml serum and 0.9 ml PBS were added. After thorough mixing, 0.5 ml of the mixture was taken to the subsequent tubes. In this way, serial dilutions were prepared in the ratio of 1/10, 1/20, 1/40, 1/80, 1/160, 1/320, 1/640, and 1/1,280. Hundred microliters of 10 % sRBC (prepared in PBS) was added to each tube and mixed thoroughly. The tubes were incubated at 37°C for 12 h in a humidified atmosphere. After incubation, visible hemagglutination was observed under the binocular. The highest dilution which gave rise to the visible hemagglutination was considered as the optimum concentration of the antibody and the antigen.
Culture of splenocytes
Spleen was removed aseptically from an untreated Swiss albino mouse (not fed with NILE) under proper anaesthesia and splenocyte suspension was prepared in RPMI-1640 using a tissue grinder. The splenocytes were washed thrice using RPMI-1640 (1000 rpm) for 10 min and then resuspended in 1 N NH 4 Cl to lyse RBCs. After 5 min ice cold RPMI-1640 was added to stop the reaction. The cells were again centrifuged (1000 rpm) and resuspended in RPMI-1640. Splenocytes were adjusted as 2 9 10 6 cells/ml with RPMI-1640 (supplemented with 50 U/ml penicillin, 50 lg/ml streptomycin, 50 U/ml nystatin and 10 % FBS) and seeded into six well culture plates. To this, concanavalin A (con A) was added to get a final concentration of 5 lg/ml and 100 ll of different concentrations of NILE (0, 10, 30, 50, 80 lg/ml) was then added to the wells. The control did not receive con A and NILE. The plates were then covered and incubated under 5 % CO 2 and humidified atmosphere of 90 % air at 37°C temperature for 48 h.
Cell proliferation assay
The assay was performed using EZcount TM MTT Cell Assay Kit (HiMedia) according to the manufacturer's instructions. In brief, murine splenocytes were cultured in 96 well plate for 48 h as previously described. After the incubation 10 ll of MTT (5 mg/ml) solution was added to each well. The plate was wrapped with aluminium foil to avoid exposure to light and incubated for 4 h. Then 100 ll solubilizing reagent was added to each well and the absorbance was measured at 570 nm using Bio-Rad (Hercules, CA, USA) iMark TM microplate absorbance reader.
Measurement of NO inhibition
Murine splenocytes were cultured with varying concentrations of NILE (0-80 lg/ml) for 48 h and after incubation, the solutions from each group were centrifuged at 2,8509g for 5 min. The extent of inhibition of NO was estimated from the supernatant using the Griess reagent method (Hibbs et al. 1988) with slight modifications. Briefly, 50 ll of the supernatant, was mixed with 200 ll of Griess reagent (1 % sulfanilamide and 0.1 % N-(1-naphthyl) ethylenediamine hydrochloride in 2.5 % H 3 PO 4 ). The solution was incubated at 37°C for 20 min and after the incubation the absorbance was read at 540 nm.
Estimation of cytokine expression
Mouse splenocytes were cultured with different concentrations (0-80 lg/ml) of NILE as previously described for 48 h. After incubation, suspensions from each well were centrifuged (2,8509g) for 5 min and the culture supernatants were collected to estimate the levels of IL-2, IFN-c, IL-4, IL-10 and TNF-a using RayBio ELISA kits according to the manufacturer's instructions. Briefly, 100 ll culture supernatant from different experimental groups were added to the anti-mouse cytokine (IL-2, IFN-c, IL-4, IL-10, TNF-a) coated wells of the 96 well ELISA plate. The plate was covered and incubated at room temperature for 2.5 h. The solution was then discarded and the wells were washed 4 times with assay buffer (300 ll). Next, 100 ll biotinylated anti-mouse cytokine (IL-2, IFN-c, IL-4, IL-10, TNF-a) antibody was added to each well and the plate was incubated at room temperature with continuous but gentle shaking. After 1 h, the wells were washed with assay buffer as previously. Then 100 ll of horseradish peroxidase (HRP)-streptavidin conjugate solution was added and the plate was incubated for 45 min at room temperature with gentle shaking. Next, the wells were washed as previously and 100 ll 3,3,5,5 0 -tetramethylbenzidine (TMB) one-step substrate reagent was added followed by 30 min incubation at room temperature in the dark. Then 50 ll of 0.2 M sulphuric acid was added to each well to stop the reaction. Absorbance was immediately measured at 450 nm using Bio-Rad iMark TM microplate absorbance reader. The standard was run in parallel to the sample.
Measurement of COX activities COX 1 and COX 2 activities were measured using COX activity assay kit (Cayman Chemicals Company) by ELISA method. Briefly, mouse splenocytes were cultured (5 lg/ml Con A at final volume) with varying concentrations (0-80 lg/ml) of NILE for 48 h. After incubation, the cell suspensions were centrifuged at 2,8509g for 5 min and the cell pellets were homogenized in cold buffer consisting of 0.1 M TrisHCl in 1 mM EDTA (pH 7.8). The homogenate was centrifuged (10,0009g for 15 min) and the resultant supernatants were used for the assay. Then, assay buffer, heme reagent, test samples and background samples were added to their respective wells in the 96 well plate according to the manufacture's instructions. DuP-697 (COX 2 selective inhibitor) and SC-560 (COX 1 selective inhibitor) were added to the respective inhibitor wells. The plate was incubated at 25°C for 5 min and then 20 ll N,N,N 0 ,N 0 -tetramethyl-p-phenylenediamine (TMPD) was added to each well. Arachidonic acid (20 ll) was added to each well to start the reaction. The plate was incubated at 25°C for 5 min and absorbance was read at 590 nm. Ovine COX-1 was run in parallel as standard.
Corrected OD values (DA 590 ) were obtained by subtracting the background OD values from their corresponding sample and inhibitor treated sample OD values. COX 1 and COX 2 activities were calculated using the following formula:
where, 2 molecules of TMPD were required to reduce prostaglandin G 2 (PGG 2 ) to prostaglandin H 2 (PGH 2 ). Percentage inhibition of COX activity was calculated by the following formula:
where, TCA S = Total COX activity (COX 1 ? COX 2) of sample; TCA 1 = COX 1 activity (DuP-697 treated sample); TCA 2 = COX 2 activity (SC-560 treated sample).
FT-IR analysis FTIR spectrophotometer was used to identify the characteristic functional groups in NILE. Small quantity (\10 mg) of NILE was taken in CaF 2 vessel and placed in a sample cup of a diffuse reflectance accessory. The IR spectrum was obtained using Shimadzu 8300 FT-IR spectrophotometer at ambient temperature. Background correction was made by taking IR spectrum of de-ionized water as the reference in identical condition. The sample was scanned from 400 to 4,000 cm -1 for 16 times to increase the signal to noise ratio.
Statistical analysis
All data are reported as the mean ± SD of six measurements. The comparisons between the control group and the test group were performed by one-way analysis of variance (ANOVA) test using KyPlot version 2.0 beta 15 (32 bit) for windows. P \ 0.05 was considered significant. Half-maximal inhibitory concentration (IC 50 ) values were calculated using the formula Y = 100 9 A1/(X ? A1), where A1 = IC 50 ; Y = response (Y = 100 % when X = 0); X = inhibitory concentration. The linear correlation analysis was performed by Microsoft excel 2010.
Results

Plaque forming cell (PFC) assay
The result of PFC assay is presented in Fig. 1a . The increase in PFC value was highly significant at all the doses (P \ 0.001) and the increase was dose dependent. At 50, 100 and 200 mg/kg doses, the increase of PFC value was 1.31 ± 0.06, 1.48 ± 0.10 and 1.57 ± 0.09 fold, respectively, compared to 0 mg/kg group.
Estimation of total IgM
At 0 mg/kg dose, the level of total IgM in serum was 0.21 ± 0.02 mg/ml which significantly (P \ 0.001) increased to 0.37 ± 0.01 mg/ml (Fig. 1b) at the 200 mg/kg dose. This accounted for 1.77 ± 0.22 fold increase in total IgM level.
Hemagglutination (HA) titre
The highest level of visible agglutination was found in the 200 mg/kg dose, followed by 100 and 50 mg/kg dose. At the highest dose (200 mg/kg) visible agglutination was formed up to a 1/320 dilution whereas, in the case of 0 mg/kg group, agglutination was visible only up to a 1/40 dilution.
Cell proliferation assay Figure 1d displayes the effect of NILE on the murine splenic lymphocyte proliferation in vitro. Cell viability of the con A stimulated group (0 NILE lg/ml) was 121.98 ± 4.91 % when the cell viability of the control group was considered as 100 %. Cell viability at the highest dose (80 lg/ml) was 125.15 ± 6.43 % which was 1.24 ± 0.06 fold higher than the control and 1.01 ± 0.06 fold higher (P [ 0.05) than that of 0 lg/ml group.
Measurement of the inhibition of NO
The NO inhibitory capacity of NILE is depicted in the Fig. 2f in terms of NO expression. The 0 lg/ml group, which was stimulated only with con A displayed 251.16 ± 19.79 % increase in NO expression (P \ 0.001), when NO expression of control was considered as 100 %. Gradual dose dependent decrease in NO expression was evident and at the highest dose the level of NO expression was 146.49 ± 13.25 % which was significantly (P \ 0.01) lower than 0 lg/ml group.
Estimation of cytokine expression
The effect of NILE on the expression pattern of various cytokines are displayed in Fig. 2 . Expression of all cytokines were increased except TNF-a and IL-4. The expression of IL-2 was significantly (P \ 0.001) increased from 3.71 ± 0.73 pg/ml (control) to 39.47 ± 2.70 pg/ml (80 lg/ml), accounting for a 10.81 ± 1.43 fold increase. IFN-c expression was also increased significantly (P \ 0.001), from 53.29 ± 5.83 pg/ml (control) to 343.33 ± 11.59 pg/ml (80 lg/ml). This accounts for a 6.49 ± 0.76 fold increase in IFN-c level. The expression of IL-4 at 80 lg/ml (1.37 ± 0.15 pg/ml) was decreased 4.00 ± 1.70 fold compared to the 0 lg/ml group (4.12 ± 0.13 pg/ml). The level of IL-10 was elevated from 190.33 ± 56.76 pg/ml (control) to 4,388.00 ± 295.48 pg/ml (80 lg/ml), accounting for a 24.06 ± 5.15 fold increase. Decreased expression of TNF-a was 1.77 ± 0.69 fold. At 80 lg/ml concentration, the expression of TNF-a was 225.66 ± 11.67 pg/ml, which was significantly lower than 0 lg/ml group (399.66 ± 16.50 pg/ml).
The IFN-c/IL-4 ratio being a major determinant of immunomodulatory activity was also found to be elevated when increasing the NILE dose form 0 to 80 lg/ml. At 0 lg/ml the ratio was 40.27 ± 3.89 whereas, at 80 lg/ml the ratio was increased several folds (252.34 ± 23.56).
Measurement of COX activities
Figure 3 displays the effect of NILE on the COX activity of murine splenic lymphocytes. Activity of both COX 1 and COX 2 was inhibited in a dose dependent manner with gradual increase in NILE concentration resulting in suppression of total COX activity. At 0 lg/ml, the total COX, COX 1 and COX 2 activities were 23.47 ± 1.58 U/ml (nmol/min/ml), 10.46 ± 2.63 U/ml and 12.74 ± 1.00 U/ml, respectively. Highly significant decrease in COX 2 (P \ 0.001) activity was found at the highest dose (80 lg/ml) when compared to the 0 lg/ml group. At 80 lg/ml, the total COX, COX 1 and COX 2 activities were 9.75 ± 2.00, 5.10 ± 1.70 and 4.99 ± 0.27 U/ml, respectively. The percentages of inhibition of COX 1 and COX 2 activity at 80 lg/ml were 39.80 and 47.11 %, respectively in reference to total COX activity. Fig. 1 a Increase in number of plaques in the PFC assay. b Dose dependent increase in total IgM expression. c Correlation between PFC and IgM. Where, R 2 = coefficient of determination. d Effect of NILE on splenic lymphocyte viability. N.S. = non-significant (P [ 0.05), *P \ 0.05, **P \ 0.01, ***P \ 0.001 versus group 1 (control) and a = non-significant (P [ 0.05) compared to the 0 lg/ml group Correlation study Correlation analysis (Fig. 4) revealed that the expression of IL-10 was highly correlated (R 2 = 0.9812) with expression of IL-2, where both the cytokines were up-regulated. High negative correlation of IL-2 resided with TNF-a (R 2 = 0.9781). Figure 5 displays correlations between the expression of different cytokines and NO, where a highly negative correlation was found between IFN-c and NO (R 2 = 0.9881).
FT-IR analysis
The IR spectrum (Fig. 6 ) of NILE displayed different peaks (Table 1) corresponding to different functional groups (Silverstein et al. 2007 ). The 2,923.9 cm -1 peak was formed primarily due to the presence of methylene groups. Presence of two peaks, one close to 2,330 cm -1 and another close to 667 cm -1 may correspond to the presence of ketone group such as in some aliphatic moieties. Presence of alkanes was Fig. 2 Immunomodulatory activity of NILE in vitro. Murine splenic lymphocytes were cultured with Con A (5 lg/ml) in the presence of different concentrations of NILE (0-80 lg/ml). After 48 h of incubation, culture supernatant was collected and the level of NO was estimated by Griess reagent method and various cytokines were estimated by Enzyme-linked immunosorbant assay (ELISA). a IL-2; b IFN-c; c TNF-a; d IL-4; e IL-10 and f NO. **P \ 0.01, ***P \ 0.001 versus control and a = non-significant (P [ 0.05), b = P \ 0.05, c = P \ 0.01, d = P \ 0.001 versus 0 lg/ml group Cytotechnology (2016) 68:749-761 755 detected by the two peaks at 1,460 cm -1 and 1,379 cm -1 . Peak shifts in FTIR analysis are very common phenomenon. Some of the functional groups may thus, be affected by peak shift. The peak at 1,379.0 cm -1 may correspond to aromatic amines indicating C-N stretching (Mahitha et al. 2011) . The peak at 2,856.4 cm -1 may be formed due to the presence of carboxylic acids (Bobby et al. 2012) .
Discussion
Majority of the research works on the therapeutic potential of N. indicum has been confined in the anticancer properties of the plant. There were only few works describing the possible immunomodulatory potential of N. indcium. Macrophage-mediated mild cytotoxic activity of the polysaccharide fraction of dried leaves was reported by Muller et al. (1991) . Nuclear factor jb (NF-jb) activation inhibitory activity of a glycoside Oleandrin from the leaves was demonstrated by Manna et al. (2000) and Sreenivasan et al. (2003) . Therefore, our study is the first mechanism based report of the immunomodulatory activity of N. indicum extract.
PFC assay is a sensitive technique in which complement mediated lysis of foreign antigen (sRBC) takes place in presence of secreted IgM. Initially on activation by foreign antigen, naive B-cells get activated for clonal expansion. Later, when the sensitised B-cells again encounter the same antigen, they evoke IgG and IgM mediated immune response. The sRBC with numerous antigenic determinants then get lysed by the action of complement. Thus, the PFC assay is a simple tool to accurately study the generation of antibody secreting plasma cells from the naive B-cells which were triggered by foreign antigen . In this present study, the PFC value gradually increased with the increase in dose of NILE. Furthermore, the increase in IgM level detected by ELISA method (Fig. 1b) corroborates the findings of the PFC assay, which is solely dependent on the increase in immunoglobulin expression. The correlation between PFC value and total IgM level (Fig. 1c) was also high (R 2 = 0.9722). This demonstrates that NILE stimulates the humoral immune system as evident from the dose dependent increase in the complement mediated lysis of sRBC by IgM. Gradual dose dependent increase in the number of plaques signifies the increase in the IgM formation.
If PFC assay is coined as the qualitative test, the HA titre may be tagged as the quantitative test to study the stimulation of the humoral immune response. Naive B-cells encountering antigen, proliferate to form plasma cells which secret antibodies. Neutralization of the foreign antigen occur through antigen-antibody binding which forms a cross linking latex. In the living system, later this agglutination complex gets digested by the phagocytic cells . In the present study, the antibody from the previously sensitized B-cells recognize the sRBC and binds to form agglutination complex.The presence of agglutination complex in higher dilution reflects not only the stimulation of the humoral system but also immunogenicity of the antigen. Higher doses of NILE resulted in visible hemagglutination at higher dilutions of the antiserum. Thus, NILE demonstrated stimulation of murine humoral immunity as evidenced from the significant increase in the humoral antibody titre.
The secondary lymphoid organ, spleen, mediates the immune response against the antigen in the blood Fig. 3 Effect of NILE on total COX, COX 1 and COX 2 activity in murine splenocytes. Murine splenic lymphocytes were cultured for 48 h with different concentrations (0-80 lg/ml) of NILE in presence of 5 lg/ml Con A. The control did not received NILE and Con A. Culture supernatants were collected after incubation and total COX, COX 1 and COX 2 activities were measured by colorimetric method. *P \ 0.05, **P \ 0.01, ***P \ 0.001 versus group 1 (control) and d = P [ 0.05, c = P \ 0.05, b = P \ 0.01, a = P \ 0.001 versus 0 lg/ml group stream. The red pulp on the outer space consists of erythrocytes, macrophages and lymphocytes and the inner white pulp is chiefly populated by T-lymphocytes. The plant lectin con A stimulates blastoid differentiation of the T-lymphocytes at an optimal dose of 5 lg/ml and thus, functions as a T-lymphocyte mitogen (Chaudhuri and Chakravarty 1981) . Stimulation with con A therefore, must have stimulated only the T-lymphocyte out of the whole splenocyte population. Though significant increase (P \ 0.01) in cell proliferation was evident compared to control, the extent of proliferation was insignificant (Fig. 1d) when compared with the 0 lg/ml group. Therefore, the increase in cell viability may only be due to con A and therefore, NILE may not possess stimulatory effect on the proliferation of lymphocytes.
Bacterial lipopolysaccharide and con A stimulate splenocytes to produce NO (Ramirez and Silva 1997) possibly through stimulation of inducible NO synthase (iNOS). Various diseases such as multiple sclerosis, arthritis, juvenile diabetes and ulcerative colitis are associated with chronic release of NO (Dey et al. 2012b) . In this study, suppression of NO expression by NILE on con A stimulated cells was evident as shown in Fig. 2f . NO is an excellent pro-inflammatory mediator. Expression of NO affects pro-and antiinflammatory cytokines and vice versa. IFN-c and TNF-a are well known inducers of NO production (Andrade et al. 1999) . But in this case, the inversed expression of NO with IFN-c (R 2 = 0.9881) (Fig. 5a ) defines that the inhibition of NO expression by NILE was neither IFN-c mediated nor cell mediated as the cell viability did not decrease as evident from the cell proliferation assay (Fig. 1d) . The in vitro inhibition of the free radical NO by NILE has already been demonstrated (Dey et al. 2012b) . In the present study, (Gazzinelli et al. 1992; Oswald et al. 1992 ) have previously demonstrated that inhibition of iNOS in macrophages occur through TNF-a inhibition by IL-10. Therefore, it may be stated that the inhibition of iNOS was due to NILE mediated inhibition of TNF-a. Under the influence of NILE, the decrease in the expression of IL-4 and NO may be beneficial for asthmatic patients, as both IL-4 and iNOS are associated with asthmatic conditions (Batra et al. 2007) .
Immune responses are chiefly regulated by the fine balance between the cytokine expressions induced either by specific antigen or by mitogens. IL-2, IFN-c and TNF-a are pro-inflammatory cytokines whereas, IL-4 and IL-10 belong to anti-inflammatory category. Antiviral and anti-tumor environment is primarily initiated by IFN-c (Schroder et al. 2004 ) apart from activating of macrophage, stimulation of MHC expression and amplification of leukocyte migration.
Body's innate response against microbial infections, proliferation of CD4
? and CD8 ? T-lymphocytes and self/foreign antigen recognition is mediated by IL-2. IL-4 is a potent mediator of allergic inflammation and promotes conditions such as asthma and atopic syndrome. It activates mast cells, eosinophils and basophils and also promotes IgM to IgE class switching in B-lymphocytes. The anti-inflammatory cytokine IL-10 results in secretion of IgG1 and IgG3 upon activation of naive IgD ? B-lymphocytes and it is also a Ly-1 ? B-lymphocyte growth factor (Kumar and Creery 2000) . High level of TNF-a has been found to be associated with autoimmune conditions such as rheumatoid arthritis, psoriasis, and Crohn's disease (Scheinfeld 2004) and is responsible for promotion of inflammatory conditions. The present study demonstrated that NILE has the potential to up-regulate IL-2, IFN-c and IL-10, expression and down-regulate TNFa and IL-4 expression in the mitogen induced splenic lymphocytes in vitro.
IL-10 possesses inhibitory effects on the T H 1 cytokine expressions. But in this case, increase in the expression of IL-10 had no suppressive effect on IL-2 or IFN-c expression, even though TNF-a was downregulated. Further, two major promoters of inflammation, TNF-a and NO (Selvakkumar et al. 2007 ) were down-regulated by NILE. Previously, Erdemoglu et al. (2003) have demonstrated in vivo anti-inflammatory activity of N. indicum leaf and flower extracts on paw edema model. In this study, both TNF-a and NO under the influence of NILE were down-regulated and shared high positive correlation (R 2 = 0.9785) in their expression patterns. Thus, this may contribute to the anti-inflammatory activity NILE in addition to the increase in IL-10 level. High negative correlation between IL-10 and TNF-a (R 2 = 0.9827) induced by NILE may prove a beneficial target in the conditions such as psoriasis, ulcerative colitis, psoriatic arthritis and Crohn's disease (Cutler and Brombacher 2005) . Besides, increase in NILE mediated IL-2 secretion may prove beneficial in autoimmune colitis, rheumatoid arthritis, allograft rejection, as IL-2 is primarily associated with immune tolerance (Lee and Margolin 2011) .
At 0 lg/ml, the increased expression of COX 1 and COX 2 compared to control was attributed to Con A stimulation. Both COX isoforms were down-regulated in a dose-dependent manner in parallel to gradual increase in NILE concentration. The suppression of COX activity by NILE at 80 lg/ml was 58.75 ± 5.54, 51.63 ± 9.26 and 59.94 ± 1.60 % for total COX, COX 1 and COX 2 activity respectively, when compared to the 0 lg/ml group. Cyclooxygenase (COX), also known as prostaglandin H synthase is one of the central molecules of inflammatory response which catalyses the conversion of arachidonic acid to PGH 2 (Williams et al. 1999) . Among the two COX isoforms, COX 2 is predominantly involved in prostaglandin synthesis during acute inflammatory response (Xie et al. 1991) . Therefore, suppression of COX activity, especially COX 2 is considered quintessential in the treatment inflammatory diseases. Chemical species identified using FTIR analysis had serious implications in the anti-inflammatory activity of NILE. Thirteen different ketones with trifuoromethyl group have demonstrated group IV and VI phospholipases A2 inhibitory activity contributing to down-regulation of arachidonic acid formation (Ghomashchi et al. 1999) . Furthermore, various ketone analogues were demonstrated through in vivo models to possess anti-inflammatory and immunosuppressive potential (Hall et al. 1980 ). Carignan and his group (2013) reported that aliphatic n-alkanols target nuclear factor of activated T cells (NFAT) and nuclear factor kappa-b (NF-jb) situated downstream to the cell membrane. Compounds with active amide linkage such as anandamide, inhibit TNF-a and IL-1b expression in experimental inflammatory periodontitis and stress models (Rettori et al. 2012 ). In addition, there are numerous compounds possessing active nitro groups with diverse medicinal and therapeutic properties (Kapoor et al. 2003) .
Conclusion
NILE displayed potent immunomodulatory activity which may prove beneficial after further exploration. Suppression of NO, TNF-a, COX activity and increase in IL-10 levels are important determinant for antiinflammatory activity. However, from the present study it is difficult to conclude whether NILE specifically modulates the immune response towards T H 1 or T H 2 phenotype as expression of both classes of cytokines were up-and down-regulated. Besides, the functional nature of inflammatory cytokines differs with different inflammatory models (Cavaillon 2011) . Therefore, further study is required on prostaglandins and nuclear factors to evaluate the immunomodulatory potential of NILE.
